A plausible explanation for the unprecedented formation of two conformational isomers of bisphenyldirhodium(III) caprolactamate is presented. The presence of acetic acid during the coupling process leading to the formation of bisphenyldirhodium(III) caprolactamate is shown to increase the propeller conformer at the expense of the biplanar conformer, Acetic acid is also found to catalyze the decomposition of bisphenyldirhodium(III) caprolactamate with the propeller conformation reacting at a rate that is more than ten times greater than that for the biplanar conformation. We speculate that protonation of one of the caprolactamate ligands changes the orientation of the phenyl ring in its approach to rhodium in the product-forming step of the arylation reaction leading to the formation of the two conformational isomers. Key words: Rhodium, Conformational Isomers, Acetic Acid, Phenylrhodium, Coupling.
Introduction
Much of our understanding of conformational analysis is derived from the authorship of Ernest Eliel who, from his own investigations and reviews of the known literature, clarified our knowledge of conformations in organic molecules [1] . As conformation is one component of organic stereochemistry, Eliel established what most regard as the definitive treatise in the area in 1994 [2] , and I had the privilege to work with the master in preparing the abridged version [3] . Based on the ongoing interests of my research group in dirhodium compounds and their chemistries [4] [5] [6] , we have recently investigated higher oxidation states of dirhodium carboxamidates one aspect of which is intimately related to conformational analysis and organic stereochemistry, and we have selected a feature of this work to honor Ernest Eliel's memory.
We have reported the preparation and characterization of a thermally and chemically stable paddlewheel dirhodium(III) caprolactamate with phenyl substituents in the axial positions [7] . The general structural features of this compound have been described along with a thorough computational analysis of its associated energy levels [8] . In addition, a synthetic methodology to conveniently access these novel compounds was developed in which dirhodium(II) caprolactamate was treated with arylboronic acids in the presence of catalytic amounts of copper(II) sulfate to form variously substituted bisaryldirhodium(III) compounds in high yield [9] .
As we recently reported [10] , in the course of these investigations we discovered a persistent second product as a minor contributor to the total isolated product. This compound, with the color of orange (O) initially viewed by thin layer chromatography as a spot well separated from the major green product (G), had the same constitution and configuration of the previously reported bisphenyldirhodium(III) caprolactamate. However, these two compounds were conformationally different, as can be seen in the depictions of their crystal structures in Figure 1 . They are related to each other by converting two 7-membered rings from one side to another. The propeller-like conformer can conceptionally be obtained from the biplanar conformer by "flipping" two oppositely placed 7-membered rings. The transition state for this interconversion is necessarily related to conformational isomerization within the 7-member rings and was initially expected to be easily transgressed.
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Results and Discussion
As previously reported [10] , heating either the propeller or the biplanar structure, as solids or in solution, to temperatures as high as 240 ºC (solid) or 130 ºC (refluxing chlorobenzene) did not cause any detectable interconversion. Dissolving the two structures in appropriate solvents, and obtaining their spectral and chromatographic data, showed that the two isomers were distinct and that the structural differences were not due to crystal packing effects. HPLC analysis of the two conformers that showed the propeller conformer eluting faster than biplanar conformer ( Fig. 2 ) is consistent with their expected behavior based on size exclusion. Computational analyses [10] did not provide an understanding of the unexpected energy barrier that exists between these two conformational isomers.
As the biplanar conformer and the propeller conformer are not interconvertable, what is their origin? The reactant, dirhodium(II) caprolactamate, is a structurally well-established framework that has previously shown no evidence for conformational isomers [11] . Relying on evidence relating to the methodology used for ligand exchange in the formation of dirhodium(II) caprolactamate [12] from dirhodium(II) acetate, we suspected that acetic acid in the reactant dirhodium(II) caprolactamate used to produce the major green product might be responsible for the formation of the propeller conformer, and we set out to examine this hypothesis by performing the synthesis of dirhodium(II) caprolactamate under identical conditions using controlled amounts of acetic acid in refluxing toluene, followed by subjecting the isolated dirhodium(II) material to standard oxidative conditions for the synthesis of bisphenyldirhodium(III) caprolactamate. In the absence of acetic acid, the amount of the propeller conformer obtained was less than 3%, and as the amount of acetic acid was increased so did the amount of the propeller conformer to a limiting amount. The outcome of this study is seen in Fig. 3 which clearly shows that the presence of acetic acid during the synthesis of dirhodium(III) caprolactamate causes the diversion of product to the propeller conformer (O) at the expense of the biplanar conformer (G). The decrease in yield of total amount of bisphenyldirhodium(III) caprolactamate, however, is due to the exchange of acetate for caprolactam that produces dirhodium(II) compounds with 1-3 caprolactam ligands. In these studies we could not discern chromatographically any difference in dirhodium(II) tetrakis(caprolactamate), although by NMR there is a signal for acetate that is not due to dirhodium(II) compounds with 1-3 caprolactam and 3-1 acetate ligands. The role of acetic acid in the formation of O is uncertain, but it is clearly associated with the set of coordination events that occur prior to or during the conversion of dirhodium(II) caprolactamate to bisphenyldirhodium(III) caprolactamate. One explanation may be that protonation of one of the caprolactamate ligands changes the orientation of the phenyl ring in its approach to rhodium in the product-forming step of the arylation reaction Scheme 1). 8 As acetic acid contributes to the formation of O, so also is it responsible for its destruction. Acid promoted destruction of O occurs slowly at room temperature but at an increasing rate with higher temperature and, as shown in Fig. 4 , the rate of destruction of O is much faster than that of G. The products of this reaction are benzene, caprolactam, and presumably one or more rhodium(III) species:
Ph-Rh(cap) 4 This more rapid acid promoted destruction of O accounts for the decrease in yield with increase in relative percentage of G that is seen in Fig. 3 .
UV-visible spectral analyses showed that the acid promoted destruction of O was rapid in refluxing dichloromethane (see decrease in absorption at 430 nm, Fig 5) . However, the absorption at 430 nm increased for the acid promoted destruction of G (Fig 6) . These results demonstrated that the acetic acid promoted the destruction of O faster than that of G, and they indicated that acetic acid protonated the caprolactamate ligands in G to form a protonated-complex, which could contribute to increasing the UV-visible absorption at 430 nm, rather than undergoing protonolysis of the benzene ring resulting in destruction of G. No transformation between G and O took place in this process. Thus, the acid promoted formation of O occurs when the phenyl ring approaches rhodium in the copper-catalyzed arylation reaction (Scheme 1).
Materials and Methods
General procedure for reactions of PhRh(cap) 4 
RhPh with HOAc
In each experiment 2.3 mg (2.8 μmol) of O (or G or a 1:1 mixture of O and G) was added to a dry sample vial followed by 0.50 mL (or 1.0 mL) of HOAc and 5.0 mL DCM. The vial was sealed with a pressure cap and heated to mild reflux with an oil bath. Samples of the reaction solution were taken at interval of 1 or 3 h and subjected to visible spectral and HPLC analyses. For UV-visible spectral analyses, 0.50 mL of the reaction solution was removed and diluted to 3.0 mL with DCM (see Fig. 5 and Fig. 6 ). For HPLC analyses 0. 
Conclusion
In our search for the possible cause of the formation of noninterconvertable propeller (O) and biplanar (G) conformational isomers of bisphenyldirhodium(III) caprolactamate we have found that the formation of the minor conformational isomer is promoted by the presence of residual acetic acid in the reaction mixture during and/or prior to the oxidative coupling reaction with phenylboronic acid that is catalyzed by copper(II). Furthermore, the propeller conformer (O) is found to decompose at a rate that is more than ten-times faster than that for the biplanar conformer (G). These findings provide the first examples of acid-promoted differentiation in the formation and decomposition of conformational isomers.
